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9) Desc r ip t ion  of Resea rch :  

1. DIRECT DETECTION OF THE TWO-PHOTON DECAY MODE 
2 Two-photon decay of t h e  metastable 2 Sll2 state  of 

s i n g l y  ion ized  helium has been d i r e c t l y  detected by co in-  

c idence-count ing techniques .  T h i s  is b e l i e v e d  t o  be t h e  

f i r s t  conc lus ive  ev idence  for  t h e  e x i s t e n c e  of such t r a n s i -  

t i o n s  i n  hydrogen-like atomic systems. The p r e s e n t  experi- 

ment detected t h e  decay i n  f l i g h t  of a s l o w  (12-eV)  beam of 

metastable helium i o n s .  Ion ized  helium w a s  chosen i n  

p r e f e r e n c e  t o  hydrogen because t h e  two-photon l i f e t i m e  and 

t h e  Stark quenching rate are each smaller by a f a c t o r  of 64 

i n  t h e  helium. I n  add i t ion ,  s t anda rd  ion-beam t echn iques  

cou ld  be employed t o  focus  and c o n t r o l  t h e  beam. 

The appa ra tus  consists of an electron-bombardment ion 
source,  d i f f e r e n t i a l  pumping chambers f o r  p r e s s u r e  r educ t ion ,  

and a d e t e c t i o n  chamber w i t h  t w o  phototubes,  one of which is 

movable about t h e  beam axis. I n d i v i d u a l  photon e v e n t s  are 

processed by means of f a s t - co inc idence  c i r c u i t s .  The f i r s t  

d i f f e r e n t i a l  vacuum separation chamber c o n t a i n s  a microwave 

c a v i t y  through which t h e  beam passes. This c a v i t y  may be 

excited a t  14 kMc/sec ( t h e  Lamb-shift f requency f o r  He') t o  
quench t h e  metastable i o n s .  

A plot  of t h e  s ingle-photon count ing  rate as a func- 

tion of t h e  e l e c t r o n  bombarding energy shows t h e  expected 

t h r e s h o l d  at 65 e V  f o r  t h e  formation of t h e  2s state of He 
A cu rve  of t h e  dependence of t h e  s ingle-photon count ing  rate 

on t h e  power used t o  excite t h e  microwave-quenching c a v i t y  

+ (1) 

- _ -  
1. CRL Q u a r t e r l y  Progress Report, September 15, 

1965, p.  3 .  
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shows t h e  exponen t i a l  dependence on rf power t h a t  is  ex- 
pected for t h e  quenching of metastable i o n s .  T h e  r e s i d u a l  

s i n g l e s  coun t  a t  low-power  levels ar ises  from charged par- 

t i c les  and gas e x c i t a t i o n .  Counts from t h e  t w o  pho to tubes  

t h a t  are i n  t i m e  co inc idence  are observed when t h e  e l e c t r o n  

bombarding energy  is greater t h a n  65 eV and i n  t h e  absence 

of r f  quenching power. T h i s  coun t ing  r a t e  agrees w i t h  t h e  

observed s i n g l e s  rate and t h e  estimated two-photon decay 

rate .  A c u r v e  showing t h e  dependence of t h e  co inc idence  

r a t e  on t h e  e l e c t r o n  bombarding energy  h a s  t h e  same t h r e s h -  

old and shape as t h e  s i n g l e s  e x c i t a t i o n  cu rve .  The depend- 

ence  of t h e  co inc idence  rate on rf quenching power is similar 

t o  t h a t  of t h e  s ing le-photon  coun t ing  r a t e  excep t  t h a t  t h e r e  

i s  no r e s i d u a l  s i g n a l  a t  f u l l  rf power. T h i s  i n d i c a t e s  t h a t  

a l l  of t h e  co inc idence  coun t s  arise from metastable i o n s .  

The co inc idence  count  observed a t  v a r i o u s  angu la r  

p o s i t i o n s  of t h e  movable photo tube  is i n  good agreement w i t h  

t h e  c u r v e  which is ob ta ined  by i n t e g r a t i n g  t h e  theoretical 

angu la r  f a c t o r  (1 f cos20) over t h e  area of t h e  photo tube  

cathodes and over t h e  l e n g t h  of t h e  beam exposed t o  t h e  

detector. F u r t h e r  work is i n  progress t o  measure t h e  spec- 

t r a l  d i s t r i b u t i o n  of t h e  photons.  

11. DIRECT LIFETIME MEASUREMENTS 

Work h a s  been resumed t o  o b t a i n  a one p e r c e n t  measure- 

ment of t h e  l ifetime of t h e  metastable helium i o n .  An 

e s s e n t i a l  p a r t  of t h i s  program w a s  t h e  c o n s t r u c t i o n  of an  

i o n  d r i f t  t u b e  which has now been assembled and leak tested. 

Assembly of t h e  d e t e c t o r  a p p a r a t u s  i s  now i n  progress. 
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111. METASTABLE AUTOIONIZING ATOMS 

A .  Metastable A l k a l i  A t o m s  

A magnetic resonance r f  spectrometer  i s  be ing  con- 

s t r u c t e d  t o  s tudy  t h e  hype r f ine  s t r u c t u r e  of t h e  me tas t ab le  

states i n  potassium, rubidium, and l i t h i u m .  I n  t h i s  ap- 

pa ra tus ,  t h e  metastable beam passes through three separate 

magnet ic  f ields i n  success ion  and t h e n  i n t o  a s p e c i a l l y  

designed detector. The magnetic f i e l d  i n  t h e  f i r s t  r e g i o n  

is  large (W 15 k G )  and se rves  t o  quench a l l  b u t  t w o  long- 

l i v e d  (unmixed) s ta tes .  I n  t h e  second reg ion ,  which has a 

low dc f i e l d ,  an applied radio-frequency f i e l d  induces Zeeman 

t r a n s i t i o n s  f r o m  one of t h e  long-l ived states i n t o  shorter- 

l i v e d  o n e s .  The f i n a l  magnet ic - f ie ld  r e g i o n  i s  i d e n t i c a l  

w i t h  t h e  first and quenches t h e  shorter-lived states popu- 

lated i n  t h e  i n t e r m e d i a t e - f i e l d  r e g i o n .  Thus, when t h e  

proper resonance frequency i s  a p p l i e d  i n  t h e  second magnetic 

f ield,  a decrease i n  t h e  metastable-beam i n t e n s i t y  is ob- 

se rved  i n  t h e  detector. 

The de te rmina t ion  of t h i s  resonance frequency a s  a 

f u n c t i o n  of t h e  dc magnet ic - f ie ld  s t r e n g t h  i n  t h e  t r a n s i t i o n  

r e g i o n  w i l l  a l l o w  c a l c u l a t i o n  of t h e  gF va lue  and t h u s  lead 

t o  i d e n t i f i c a t i o n  of t h e  J va lue  of t h e  long- l ived  states. 

I n  a d d i t i o n ,  t h e  long l i f e t i m e s  of t h e s e  states ( t y p i c a l l y  

IO'* sec) imply t h a t  narrow t r a n s i t i o n  l i n e w i d t h s  (w  

w i l l  be obta ined .  C a l c u l a t i o n  of t h e  hyper f ine  s t r u c t u r e  on 

t h e  basis of t h e  resonance data should then  permit t h e  deter- 

mina t ion  of t h e  nuc lea r  electric quadrupole moment and pos- 

s i b l y  t h e  magnetic oc tupole  moment t o  f a r  g r e a t e r  accuracy 

t h a n  would be possible w i t h  other t echn iques .  

13 k c )  
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B. S t u d i e s  of t h e  He’ Ion 

The development of  t h e  i n s t rumen ta t  i on  and equipment 

necessa ry  for producing and s tudying  t h e  He’ i o n  is  proceed- 

ing .  The e x i s t i n g  Cockcroft-Walton accelerator h a s  been 

modified t o  accelerate negat ive  ions, and measurements are 

now under w a y  t o  determine t h e  i n t e n s i t y  and d i s p e r s i o n  of  

t h e  He- beam. 

The large (20-kG) magnet of t h e  old Columbia U n i v e r s i t y  

cyclotron h a s  become available for t h i s  work, and measurements 

of  f i e l d  s t r e n g t h  and uni formi ty  under t h e  new c o n f i g u r a t i o n  

w i l l  be i n i t i a t e d  i n  t h e  near f u t u r e .  The e l e c t r o n i c  equip- 

ment necessary  t o  operate t h e  magnet i s  under c o n s t r u c t i o n ,  

and des igns  f o r  t h e  vacuum chamber, d e f l e c t i n g  system, and 

d e t e c t i n g  u n i t s  are now be ing  prepared. 

IV. ELECTRIC-FIELD HANLE EFFECT 

Work w a s  cont inued  on t h e  u s e  of  l eve l - c ros s ing  s i g n a l s  

associated w i t h  t h e  e l e c t r i c - f i e l d  Hanle effect  t o  make pre- 

cise measurements of d i f f e r e n t i a l  S t a r k  s h i f t s  i n  excited 

atomic states. With  these  techniques ,  measurements have been 

made of t h e  d i f f e r e n t i a l  Stark s h i f t  i n  t h e  3Pl states o f  

mercury and cadmium. For mercury t h e  v a l u e  h a s  been deter- 

mined t o  be 2360 f 7 0  c p s / ( k V / c m ) 2 ,  w h i l e  f o r  cadmium t h e  

v a l u e  i s  2515 f 75 cps/(kV/crn)2. 

on cadmium was i d e n t i c a l  t o  t h a t  f o r  mercury. ( 3 )  

f i e l d  s t r e n g t h s  up  t o  50 kV/cm w e r e  used, and t h e  q u a d r a t i c  

electric-field dependence o f  t h e  d i f f e r e n t i a l  S ta rk  s h i f t  

w a s  confirmed t o  w i t h i n  experimental  error. 

The basic experimental  arrangement f o r  t h e  measurements 

Electric 

3 .  CRL Q u a r t e r l y  Progress Report, March 15, 1965, p. 5. 
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The p r e s e n t  program h a s  been extended t o  i n c l u d e  a 

s tudy  of t h e  electric-field l eve l - c ros s ing  effects i n  t h e  

a l k a l i  metals.  To do t h i s  a cesium S t a r k  ce l l  w a s  p repared .  

It w a s  soon ev ident ,  however, t h a t  t h e  c e l l  w a l l s  became 

conduct ive  and could  n o t  support  a p o t e n t i a l  d i f f e r e n c e .  

E f f o r t s  are s t i l l  i n  p rogres s  t o  produce a s u i t a b l e  scat- 

te r ing  ce l l  f o r  t h e  a l k a l i s .  

V. FINE STRUCTURE OF SINGLY IONIZED LITHIUM 

Experimental  work on t h e  measurement of t h e  Zeeman 

hype r f ine  s t r u c t u r e  of t h e  23P state of s i n g l y  ion ized  1 1 t h -  

ium by a resonance method w a s  cont inued .  

The i n t e r f e r e n c e  produced by s p u r i o u s  s i g n a l s  gener- 

ated by  t h e  r f  power has been e l imina ted .  However, a c a r e f u l  

s e a r c h  f o r  an r f - induced  magnetic d i p o l e  t r a n s i t i o n  between 

a set of two magnetic s u b l e v e l s  has  so far been u n f r u i t f u l .  

VI. HYPERFINE STRUCTURE OF GROUP IY'I ISOTOPES 

S i g n i f i c a n t  improvements w e r e  made i n  t h e  p r e p a r a t i o n  

of barium ce l l s  for obse rva t ion  of Hanle-effect  and double- 

resonance s i g n a l s .  

barium which had been d i s t i l l ed  i n t o  a molybdenum plug, and 

t h e  e n t i r e  f i l l i n g  process w a s  carried o u t  i n  t h e  vacuum 

system used  t o  bake o u t  c e l l s .  

duced the p o s s i b i l i t y  of a n  oxide  l aye r  forming on t h e  barium. 

A molybdenum ce l l  was loaded w i t h  n a t u r a l  

T h i s  procedure g r e a t l y  re- 

The 6 l P 1  - 61S0 Hanle e f f e c t  w a s  d e t e c t e d  when the 

ce l l  prepared i n  t h i s  way was heated t o  38OoC. 

was maximum a t  approximately 50OoC. 

c r o s s i n g  w a s  s e e n  a t  5OO0C w i t h  s igna l - to -no i se  r a t i o  of 

about  30 w i t h  a t i m e  c o n s t a n t  of 30 seconds.  Tests on t h i s  

ce l l  w i l l  con t inue .  

T h i s  s i g n a l  

The  h i g h - f i e l d  level 
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VII. FINE AND HYPERFINE STRUCTURE OF THE 3 ~ .  STATE OF ~i~ 

Measurements(4) which are  a c c u r a t e  t o  a f e w  p a r t s  i n  

lo6  have been ob ta ined  for t h e  magnetic f i e l d s  a t  which  t h e  

four  Am = 2 l e v e l  c r o s s i n g s  occur i n  t h e  3P state of L i 7 .  

Theoretical  calculation^(^) of t h e  spac ings  between 

s u c c e s s i v e  hype r f ine  c r o s s i n g s  have been completed which 

re la te  t h e  magnet ic-dipole  and e l ec t r i c -quadrupo le  coupl ing  

c o n s t a n t s  t o  t h e  measured va lues  of t h e  c r o s s i n g  f i e l d s .  The 

quadrupole moment of L i 7  thereby  computed d i f f e r s  i n  b o t h  

s i g n  and magnitude from a publ i shed  va lue  measured by electric- 

resonance t echn iques  i n  LiH molecules .  

t o  r e s o l v e  t h i s  apparent  d i screpancy  between l e v e l - c r o s s i n g  

and e l e c t r i c - r e s o n a n c e  techniques .  

A t t e m p t s  will be made 

V I I I .  LOW-ENERGY ION IMPACT PHENOMENA 

I n c i d e n t  t o  t h e  s tudy  of two-photon decay of  t h e  2s 

state  of He+, obse rva t ion  w a s  made of r a d i a t i o n  due t o  t h e  

impact of very  s l o w  he l ium i o n s  on t h e  rare gases and on 

some molecular  gases. The dependence of t h e  cross s e c t i o n  

for t h i s  process on t h e  k i n e t i c  energy of t h e  He' beam shows 

unexpected f e a t u r e s  down t o  t h e  lowest e n e r g i e s  s t u d i e d  ( 5  e V ) .  

For example, t h e r e  is a sha rp  peak a t  10 eV f o r  t h e  produc- 

t i o n  of uv photons i n  Xe. 
t y p i c a l l y  of t h e  order of 10 -I6 a n 2  and i n  some cases are 

almost an order of magnitude larger.  I n  a t  least  one case 

the r a d i a t i o n  h a s  been shown t o  r e s u l t  from charge exchange 

w i t h  s imultaneous e x c i t a t i o n .  

The  a b s o l u t e  cross s e c t i o n s  are 

4 .  CRL Q u a r t e r l y  Progress Report, September 15, 1965, 

p. 24 .  

5. CRL Q u a r t e r l y  Progress Report, December 15, 1965, 

p. 15. 
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Previous  s t u d i e s  of  o p t i c a l  e x c i t a t i o n  by i o n  impact 

have been performed a t  much h igher  e n e r g i e s  and have n o t  

revealed t h e  s t r u c t u r e  a t  t h e  lower energies .  Energy-balance 

c o n s i d e r a t i o n s  show t h a t  t h e  r e a c t i o n s  s t u d i e d  here invo lve  

t h e  t r a n s f e r  of a large f r a c t i o n  of t h e  k i n e t i c  energy i n t o  
i n t e r n a l  e l e c t r o n i c  energy.  The e x c i t a t i o n  c l e a r l y  invo lves  

nonad iaba t i c  n o n r a d i a t i v e  t r a n s i t i o n s  between t h e  l e v e l s  of  

t h e  molecular- ion complex formed dur ing  t h e  co l l i s ion .  The 

low-energy peaks i n  t h e  cross s e c t i o n  imply t h a t  t h e  molecular- 

energy levels are s h i f t e d  i n  energy du r ing  t h e  c o l l i s i o n  u n t i l  

they  n e a r l y  cross. A s i d e  from the i r  i n t r i n s i c  i n t e r e s t ,  these 

r e s u l t s  may have important  b e a r i n g  on plasma, laser, and 

atmospheric  phenomena. 

I X .  RELAXATION OF OPTICALLY ORIENTED ATOMS 

Under many exper imenta l  cond i t ions ,  t h e  decay of an 

ensemble of e x c i t e d  atoms is characterized by s e v e r a l  relaxa- 

t i o n  t i m e s .  Phys i ca l ly ,  these are t h e  l i f e t i m e  of t h e  popu- 

l a t i o n  of e x c i t e d  atoms, t h e  l i f e t i m e  of t h e  average magnetic 

dipole moment (or o r i e n t a t i o n ) ,  t h e  l i f e t i m e  of t h e  average 

electric quadrupole  moment  (or a l ignment ) ,  and t h e  l ifetimes 

of h igher  atomic mul t ipo le  moments. Each m u l t i p o l e  moment 

of t h e  excited atoms decays w i t h  a characteristic l i fe t ime 

because  of t h e  i s o t r o p y  of t h e  surrounding medium. I n  t h e  

l i m i t  of l o w  vapor pressure, all of these l i f e t i m e s  reduce 

t o  t h e  n a t u r a l  r a d i a t i v e  l i f e t i m e  of t h e  atom. I n  l e v e l -  

c r o s s i n g  experiments  one can measure t h e  l i f e t i m e  of o r i e n t a -  

t i o n  and alignment s e p a r a t e l y .  T h i s  i s  i n  c o n t r a s t  t o  clas- 

s ical  nuclear-magnetic-resonance experiments,  where only  one 
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. parameter can be measured. The added f l e x i b i l i t y  i n  l e v e l -  

c r o s s i n g  experiments  arises from t h e  p o s s i b i l i t y  of measur- 

i n g  t h e  p o l a r i z a t i o n  of t h e  f l u o r e s c e n t  l i g h t  e 

Hanle-ef fec t  s i g n a l s  from t h e  first 3P10 state  i n  lead when 

t h e  s i g n a l  w a s  s u b j e c t  t o  r e sonan t  self-broadening,  and also 

i n  t h e  presence  of f o r e i g n  gas broadening and coherence 

narrowing. h precise measurement of t h e  r e s o n a n t  self- 

broadening of t h e  ( G S * ~ ~ ~ S ) ~ P ~ ~  state of lead h a s  determined 

t h e  c o l l i s i o n - i n d u c e d  r e a c t i o n  ra te  t o  be 3.2(1) x 10’ 

cm3/sec x N, where N i s  t h e  lead atomic d e n s i t y ,  for dens i t i e s  

up t o  6 x 1015 atoms/cm3, and conf i rms  t h a t  the broadening is  

p r i m a r i l y  due t o  a resonance process. 

l e n t  agreement w i t h  t h e  theoretical r e l a x a t i o n  ra te  of 3.0(2) 

x lo’* x N. 

has been determined from p re l imina ry  r e s u l t s  t o  be 5.08(30) 

x 10-9 sec. 

The e x i s t e n c e  of t w o  l i f e t i m e s  has been observed i n  

8 

T h i s  va lue  i s  i n  excel- 

The l i f e t i m e  of t h e  (6s26p7s)’Pl0 s ta te  i n  lead 


